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The rate of the decomposition of plant remains may be regarded as a characte- 
ristic of the biological turnover intensity in the « plants-soil » system. The chemical 
elements entering the soil by the decomposition of organic matter, enter a new cycle 
of the biological turnover and take part in the primary production formation of the 
plants. Overground plant remains which annually reach the soil’s surface with the 
fall play a significant role in the enrichment of the soil with mineral elements. 

The destroying of the plant-fall proceeds under the influence of various physico- 
chemical (or abiological) and biological factors. The biological mineralization is 
carried out by saprophilous higher fungi, microorganisms, and animals. This item 
of the decomposition of plant remains process has been drawing lately keen attention 
of many research-workers. The works of Kurceva (1966, 1964, 1967), EDWARDS, 
HEATH and ARNOLD (1963, 1966), CROSSLEY, WITKAMP (1964), KARPACHEVSKY and 
PEREL (1966) have convincingly shown that the activity of soil animals is a deter- 
minant in the decomposition of plant remains. To exclude animals out of the experi- 
ments the mentioned authors used napthalene and nylon bags with different mesh- 
sizes, 

The present work aims at the estimate of the direct role of various size-systematic 
groups of soil animals, and also microorganisms and abiological factors in the mine- 
ralization of leaf-fall and grass-fall. Besides that, the indirect influence of some phyto- 
phagous insects on the rate of the decomposition of the fall. 


METHODS AND MATERIALS 


Field experiments were carried out in Srednjaya Forest-Steppe in the European part of the 
U. S. S. R. on the territory of the Central-Chernozyomny reservation (near Kursk). The descrip- 
tion of the region’s geographical conditions is given in the work of KURCEVA (1964). The experi- 
ments in 1967 were carried out in the oak-forest, and in 1968 in the forest and ina meadow-steppe. 
The oak-forest was of a park character. The density of canopy was 6-7. The age of the trees was 
about 40 years. The prevailling species was oak (Quercus robur). Rare to meet were wild pear 


(*) En l'absence de l’auteur cette communication a été présentée par J. d’Aguilar. 
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(Pirus communis), wild appletrees (Malus praecox), rowan-trees (Sorbus aucuparia). In the under- 
wood Euonymus europaea, Euonymus verrucosa, Rhamnus frangula, and Prunus spinosa were to 
be found. The grass cover was formed mainly by Aegopodium podagraria. 

In the reservation steppe there dominate grasses Bromus riparius, Bromus inermis, Stipa 
pennata, Stipa stenophylla, Poa'angustifolia, and Calamagrostis.epigeios. The herbs were very 
scarce. 

The soil both in the forest and in the steppe was represented by black soil, The abundance 
of soil and hemiedaphic invertebrates was characterized in the articles by KURCEVA (1964, 1967) 
and ZLOTIN (1969). The duration of the experiments was limited by the vegetation period (from 
May until the middle of October). 

The oak leaf-fall was introduced as a sample in the forest, and in the steppe the grass-fa! 
which was preserved from the previous year. The weight of the fall in the experiments was equai 
to the store under the field conditions by the time of the experiment’s beginning. The fall was 
placed into the wooden frame-boxes of the size of 25 x 25 cm, with the height of 5 cm. The nylon 
bolters fitted close to the boxes from below, from above the boxes were covered with a fine fishing- 
net to prevent accidental losses of the fall. 

The mesh-sizes of the nylon bags were selected so as to admit definite size-groups orga- 
nims to the fall : 


romm — microorganismes and all soil invertebrates, mesofaune and macrofauna (Lumbricidac, 
Julidae, Isopoda) included ; 


1.1 mm — microorganisms and mesofauna (Nematoda, Collembola, Acarina, Enchytraeidac, 
small Lumbricidae) (}) ; 
0,05 mm — microorganisms only (?). 


In order to exclude animals in the last variant of the experiment a napthalene barrier was 
made from the outside side of the frame-boxes. Napthalene was strewed in a thin lay on the 
soil’s surface under the frame-boxes, too. There was no intermediate contact between the leaf-fall 
and the napthalene. 

Analogical to the previous one there was carried out an experiment to determine the abiolo- 
gical decomposition of the fall. Each 7-10 days the fall in this variant was moistened by chemi- 
cally-clean toluene (CHC. H,) Toluene moistens the fall and evaporates in a few minutes. The 
moistening was done in the sunny hours of the day. The expenditure of toluene fora frame-box ata 
time was about roo ml. Toluene suppresses almost completely the activity of microorganisms, 
which is proved by microbiological analyses. Special observations to determine carbon dioxide 
(CO,) diffusion speed from the fall moistened by toluene showed that the resumption of micro- 
biological activity was noted in a small degree (just about 6-7 p. 100 from control) not earlit 
than 10-15 days, with the condition that during that period there were no heavy rains. Dail 
heavy precipitations lower sharply the effectivity of toluene. Already by the 3rd day the activits 
of microorganisms is resumed in the leaf-fall. However, in this case toluene limits the microbio 
logical activity for a period of ro days more than by 70 p. 100. 

Thus, the experiments in the forest and in the steppe included 4 variants, which allowed to 
obtain differentiated data of the plant-fall mineralization under the influence of abiological fac- 
tors, and also various systematic organisms groups. In each variant there were 4 frame-boxes 
which were placed on the soil’s surface two meters from one another in chessboard order. 

To estimate the influence of napthalene on the rate of organic remains decomposition another 
series of observations was carried out, in which the oak leaf-fall in the microbiological variant was 
strewed with napthalene, as KURCEVA recommends (1960, 1964), to exclude the animals’ acti- 
vity. 

In 1963-1968 in the oak-forests of the reservation an outbreak of tortricids (Tortrix viridans 
was observed the result of which was the decrease of the litter store (ZLOTIN, 1967), and tl 
annual oak leaf-fall destroyed much faster than in the previous years. Therefore all the exper 
ments on the leaf-fall decomposition in the forest were carried out on a plot, where there was no 
outbreak of tortricids. 

To estimate the role of phytophagous insects in the processes of the plant remains mincra- 
lization in the oak-forests another two series of frame-boxes were installed : in the first one only 
microorganisms were admitted to the leaf-fall, and in the other one all groups of invertebrates, 
lumbricids included ; 6 g ofair- dry excrements of Tortrix viridana were added into each frame-box 
out of these series in the end of May, which corresponds to the yearly fall on the soil square of 
25 X 25cm. 


() The autumn comparison by the time of the experiment’s end showed that the abundance of meso 
fauna in the second and in the first variants of the experiment was approximately the same as under thi 
field conditions. 

(?) Only single invertebrates were found in these frame-boxes during the experiment. 
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RESULTS AND DISCUSSION 


The results of the experiments are given in tables 1-3. The statistical processing 
of the materials showed that 4 frame-boxes in each series of the experiment gave high 
accuracy. The error (m) and the coefficient of variation (Cv) regularly increase from 
the first series of the experiment with microorganisms to the variant with macrofauna 
which undoubtedly points to the growing dispersion in the distribution of soil and 
hemiedaphic organisms with the increase of their sizes. 

The degrees of the abiological mineralisation of the oak leaf-fall (in the first 
variant with toluene) are very small. In this variant for the whole period of observa- 
tion in 1967 there decomposed 3.7 p. 100, and in 1968, 8 p. 100 of the initial fall weight. 

The activity of microorganisms notably increases the processes of the oak leaf- 
fall decomposition : in the second variant the fall weight decreased by 9-12 p. 100. 
And between the first and the second variants in 1967 there is high confidence limits 
of the differences. In 1968 confidence limits of the differences decreased, evidently, 
as a result of the heavy autumn rains, which intensified the activity of microorga- 
nisms and diminished the effectivity of toluene influence upon their activity. Our 
observations prove the conclusion of HEATH, ARNOLD and EDWARDS (1965) about 
the minor significance of microorganisms in the direct consumption of the oakleaf- 
fall. 

The decomposition of the fall in case with napthalene decreased notably 
(4.6 p. 100) as compared with the microbiological variant without entering of this 
insecticide. The microbiological mineralization of the fall is also diminished with 
the entering of tortricid excrements — 5.8 p. 100. The decomposition rate in the third 
and in the fourth variants turned out more similar with the first variant, that is of 
abiological mineralization, which can be proved by the {-criterion. Confidence limits 
of the differences are much higher in case of comparing in pairs the 3rd and the 4th 
variants with the 2nd one than with the 1st one. The decrease of the microbiological 
mineralization in the variants with napthalene and phytophagous insects excrements 
might be explained by the switching over the microorganisms to the consumption 
of these energetically more valuable combinations first, and also by the possible 
intensification of antagonism in microbe populations. The latter suggestion is proved 
by the circumstance that in the leaf-fall with excrements colonies of lower smut 
fungi develop rapidly, which prevent to a certain degree the development of other 
groups of saprophylic microorganisms. 

The admittance to the oak leaf-fall of mesofauna increases sharply the organic 
remains decomposition. The mineralization in the variants with mesofauna reaches 
17-25 p. 100. Herewith the differences from the variant with microorganisms have 
high confidence limits. 

When all groups of saprophylic organisms, macrofauna included, are admitted 
to the oak leaf-fall, the intensity of mineralization becomes still higher. The fall- 
losses in this case make 33-35 p. 100. The given results prove the common opinion 
about the leading role of macrofauna in the mineralization of the forest leaf-fall. 

The excrements of phytophagous insects stimulate the destruction processes of 
the forest leaf-fall. In the experiment with tortricid excrements the oak leaf-fall 
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TABLE 2 
Decomposition of Oak-Leaf Fall. 1968 
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Decomposition of Grass-Fall. 1968 
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decomposed by 53 p. 100 for five months, and the excrements themselves vanished 
completely by the second month after their entering the litter. The excrements of 
Tortrix viridana due to their specific structure and chemical composition become the 
centers of the microorganisms colonies development. At the same time it is known 
that the saprophagous-invertebrates consume willingly the excrements of phyto- 
phagous insects and prefer the leaf-fall touched by the microbiological decomposition. 
Therefore, the maximum value of the oak leaf-fall decomposition becomes clear 
when experimenting with the excrements of Tortrix viridana. 

In the grass-fall decomposition another regularity is found out. There is observed 
successive but very low increase of the mineralization rate from the first variant to 
the last one. High significance of the abiological mineralization with the relative 
limitation of the biological factors role is characteristic. Thus, when experimenting 
with toluene 21 p. 100 of the grass-fall decomposed, and in the next variants with 
microorganisms, mesofauna and macrofauna-correspondingly 24, 28 and 32 p. 100. 
The differences between the different variants have statistical confidence limits, with 
the exception of the experiments with mesofauna and microorganisms the comparison 
of which gives the {-criterion equal to 1.7 only. 

The most essential distinction of the forest-steppe ecosystems lies in the different 
type of the destruction processes. The mineralization rate of the oak leaf-fall and the 
grass-fall is approximately the same. However, the correlations of the main factors 
turns out essentially different. In the steppe the abiological decomposition part 
makes about 67 p. 100 of the whole mineralized fall, and in the oak forest-from 11 to 
25 p. 100. This difference may be explained by different physico-chemical properties 
of the oak leaf-fall and the grass-fall, and also by the differences in the pedobiont 
complexes. The forest and the steppe ecosystems have approximately the same 
biomass of soil saprophagous-invertebrates (ZLOTIN, 1969). However, the steppe 
litter and the higher layers of humus horizon get considerably dry in summer, which 
sharply limits the trophic activity of invertebrates. Besides that, there dominate 
different species in the complexes of macrofauna in these ecosystems. Isopodes and 
Julids are much more numerous in the forest than in the steppe, and lumbricids are 
represented by a big and very active species Lumbricus terrestris, which consume 
mainly overground plant remains (PEREL, SOKOLOW, 1964). In the steppe there 
dominates Eisznia rosza. This species consumes mainly the organic tissue of the soil. 

The results of the carried-ou: experiments have clearly shown the significance 
of soil invertebrates in the plant-fall decomposition. The participation of the animals 
in the leaf-fall mineralization is especially great. In the out-break years the fall 
of the excrements of phytophagous insects onto the forest litter promotes more 
intensive fall decomposition by stimulating the activity of the soil animals. As a 
result of the joint activity of the soil invertebrates and the phytophagous insects the 
biological turnover in the forest ecosystems proceeds much more intensively. ‘The 
accelerated release of the profound quantity of energy and chemical elements results 
in the increase of the herb layer productivity in the oak forests. In case with outbreak 
territories as compared with the control undamaged plots, the production of the 
green mass and the square of the leaf-surface increase more than twice : 86 and 194 g 
per m? (air — dry weight of the phytomass) ; 1.2 and 2.5 m? per m? (the leaf index). 

The given example shows one of the possible ways of the indirect influence of 
the soil invertebrates on the primary productivity of ecosystems. 


462 R. I. ZLOTIN 


RÉSUMÉ 
LES INVERTÉBRÉS FACTEURS DU RENOUVELLEMENT BIOLOGIQUE 


La vitesse de décomposition des feuilles tombées du chêne (Quercus robur) et des graminées 
de la steppe (Bromus, Stipa, etc.) a été étudiée sur le terrain dans la zone de la forêt-steppe. Li 
feuilles tombées ont été mises dans des cadres, recouverts de tamis de nylon à mailles de 10 mm, 
1,1 mm et 0,05 mm. 

L'emploi du toluène a permis de déterminer la décomposition physico-chimique des feuilles 
mortes. 

On a évalué le rôle des microorganismes et de différents invertébrés du sol. La présence 
d'animaux dans la litière accélère les processus de minéralisation de cette litière. Le rôle des 
animaux dans la décomposition des feuilles mortes de la steppe est relativement faible. 

La présence d’excréments d’invertébrés phytophages stimule les processus de minéralisation 
des substances organiques. 
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